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Description 



DETECTION OF CHEMICAL LIGATION 
USING FLUORESCENCE QUENCHING 
LEAVING GROUPS 

Cross Reference to Related Applications 

[0001] The present application claims priority to U.S. Provisional 
Patent Application Serial No. 60/396,774 filed July 18, 
2002, the contents of which are incorporated herein by 
reference. 
Federal Research Statement 

[0002] The U.S. government may own rights in the present inven- 
tion pursuant to grant number CM62658 from the U.S. 
National Institutes of Health and grant number 
DAAD19-00-1-0363-P00001 from the U.S. Army Re- 
search Office. 
Background of Invention 

Field of the Invention 

[0003] The invention relates to methods of detecting chemical 



ligation. One example application involves methods of de- 
tecting nucleic acids and, more specifically, to methods 
for the detection of ligation of nucleic acids via a change 
in fluorescence properties. Methods for the detection of 
ligation by the use of a quencher as a leaving group are 
disclosed. 
Description of the Related Art 

[0004] As the molecular nature of diseases is studied, there is an 
increasing need for methods of detecting and analyzing 
nucleic acids both in vitro and invivo. Recent work on se- 
quencing the human genome has resulted in a flood of 
genomic and proteomic information. This information has 
made a significant and sometimes life-determining differ- 
ence in the diagnosis, prognosis, and treatment of dis- 
ease. In order to fully take advantage of this information, 
more quick and simple, yet accurate, methods of detect- 
ing and analyzing the presence or absence of nucleic 
acids, which may differ by as little as one nucleotide from 
others, need to be developed. In certain cases, the nucleic 
acids may be present in minute quantities or concentra- 
tions, which underscores the need for high sensitivity as 
well. 

[0005] For example, drug resistance in bacterial infections is typ- 



ically characterized genetically. Methods for characterizing 
infections commonly involve first culturing the organism, 
which takes days at least and months at worst. A specific 
example is the standard diagnosis of tuberculosis, which 
commonly takes several weeks, as the Mycobacterium tuber- 
culosis organism is slow growing, and determination of an- 
tibiotic resistance takes more time still. Even short (e.g. 
two days) bacterial cultures are dangerously long for pa- 
tients with other acute infections such as those occurring 
in sepsis or in necrotizing fasciitis. Thus, methods for ge- 
netic analysis are increasingly important and faster meth- 
ods are needed. 

[0006] a standard and commonly used method of detecting tar- 
get nucleic acids involves the use of oligonucleotides as 
hybridization probes in the field of chemistry, molecular 
biology and biotechnology. Oligonucleotide probes are 
synthesized to have sequences that are complementary to 
the target DNA or RNA strands, enabling the probes to 
hybridize to the target DNA or RNA strands under suitably 
stringent conditions. The standard procedure requires the 
DNA or RNA target strands to be immobilized on a solid 
surface, membrane, or bead. Then an oligonucleotide 
probe, labeled with a reporter group for identification, is 



added and binds non-covalently to any region of the tar- 
get DNA or RNA strand encoding a complementary se- 
quence to that of the probe. Next, any residual, unbound 
oligonucleotide probe is washed away from the immobi- 
lized target oligonucleotide, and the presence of any 
bound probe is detected by means of an attached reporter 
group. Common reporter groups include radioactive 
atoms (phosphorus, iodine, sulfur, carbon, or tritium), flu- 
orescent or chemiluminescent groups, and enzymes that 
generate colored or fluorescent products. Many variations 
on this procedure exist which are known to those skilled 
in the art, including use of sandwich hybridization com- 
plexes, and in situ hybridization methodologies. 
[0007] one limitation in using the standard hybridization method 
for detecting target nucleic acids is non-specific binding 
of the oligonucleotide probes to the target DNA or RNA. 
Short oligonucleotides (e.g., 6-12 mers) are much more 
effective at detecting single nucleotide mismatches than 
longer ones, but have a lower affinity to the template than 
longer oligonucleotides. Cryaznov and Letsinger devel- 
oped a method of increasing the selectivity of the nucleic 
acid probe to the target nucleic acids, by using two or 
more shorter oligonucleotide probes instead of a single, 



long oligonucleotide probe. (Gryaznov, et al. Nucleic Acids 
Research, 22: 2366-2369, 1994; Letsinger et al., U.S. 
Patent No. 5,681,943) The two or more shorter oligonu- 
cleotide probes would have either an electrophilic group 
(for example, bromoacetido, tosyl) or a nucleophilic group 
(for example, phosphorothioate monoester) at their ter- 
mini. These shorter oligonucleotide probes contain base 
sequences that would bind to adjacent positions on a 
complementary template. When the probes align along the 
template, the oligonucleotide probes are brought into 
proximity of one another and spontaneously ligate and 
form an irreversible covalent bond. The oligonucleotide 
probes spontaneously ligate without any additional acti- 
vating agents or enzymes. 
[0008] Despite this improvement to the standard hybridization 
method, false positives may still result from the oligonu- 
cleotide probes non-selectively binding to proteins or the 
solid support. Standard hybridization methods using 
static labeling groups are further limited in that they usu- 
ally have to be performed on solid supports under strin- 
gent conditions and require careful washing (static label- 
ing here refers to labels, such as fluorescent labeles, that 
do not change their signal). In particular, when standard 



oligonucleotide probes are used to detect or image nu- 
cleic acids in fixed cells, the cells have to be carefully pre- 
pared and the conditions properly manipulated to avoid 
nonspecific signals. Typically, cells are first fixed, perme- 
abilized and crosslinked with formaldehyde and/or 
ethanol using procedures that are known to those skilled 
in the art. Next, hybridization is carried out, followed by 
several careful washes to remove unbound probes. Thus, 
standard hybridization methods using statically labeled 
oligonucleotides require time for preparation of the cells, 
increase the likelihood of error, and cannot be used in live 
cells, where washing away unbound probes is not possi- 
ble. 

[0009] | n recent years, new methods for detecting nucleic acids 
that involve a change in fluorescence intensity or emission 
wavelength have been developed. Fluorescence changing 
methods of detecting nucleic acids have several advan- 
tages, including that the unbound probe molecules can 
easily be distinguished from those bound to the desired 
target without the need of a washing step, and the meth- 
ods can be used either in solution or on solid supports. 
Most importantly, they could be applied in intact cells be- 
cause no washing is needed. Moreover, fluorescence 



changing methods that rely on simple intensity variation 
by changes in quenching have the further advantage of 
freeing more spectral ranges so that simultaneous prob- 
ing of multiple analytes can be achieved. 
[0010] The most well-developed quenching-based approach to 
nucleic acid detection is that of "molecular beacons," 
which consist of hairpin-forming DNAs labeled in the 
stem with a fluorophore and a quencher. The hairpin- 
forming DNA probe binds to a complementary sequence 
resulting in the hairpin opening and the quencher moving 
away from the fluorophore. These molecular beacons can 
be used in solution or in solid-supported approaches. 
However, this method is limited because the fluorescence 
change clearly depends on solution conditions, e.g. tem- 
perature, ionic strength, and thus conditions must be 
monitored carefully. Another disadvantage is that molecu- 
lar beacon method is not as sequence selective as other 
DNA-sensing methods such as enzymatic approaches or 
some non-enzymatic autoligation methods. When the 
molecular beacon approach was recently used to image 
RNA in live mammalian cells, the results were disputed 
because these probes can give false positives by being 
degraded or by binding a protein instead of RNA. In fact, 



one beacon is known that binds a specific protein and 
lights up Fang, X.; et al., Anal. Chem. 72: 3280-3285 
(2000)). There are many DNA-and RNA-binding proteins 
in a cell, so false positives are likely due to nonspecific 
binding of the probes. 

[0011] The use of multicolored hairpin-shaped oligonucleotide 
probes (molecular beacons) was suggested for discrimi- 
nating alleles (S. Tyagi et al., Nature Biotechnology 16: 
49-53, 1998). The hairpin probes were reported as having 
significantly enhanced specificity as compared to linear 
probes. However, the reported specificity is not as high as 
phosphorothioate-iodide autoligation probes. As de- 
scribed above, such beacons suffer from false positives by 
binding proteins. 

[0012] | n early work, the preparation of nucleoside S-alkyl phos- 
phorothioates was offered in 1969 (A.F. Cook, J.Am. Chem. 
Soc. 92(1): 190-195, 1969). The phosphorothioate group 
has a higher nucleophilicity than does the oxygen analog. 
Reactions with various halogen compounds was de- 
scribed. Intermolecular nucleophilic reactions of thymi- 
dine 3'-phosphorothioates were suggested in 1971 (S. 
Chladek and J. Nagyvary, J. Am. Chem. Soc. 94(6): 
2079-2085, 1971). Dinucleotides and trinucleotides con- 



taining P-S-C 5' linkages were formed. Those reactions 
were not performed with oligonucleotides, nor were they 
used in the detection of DNAs or RNAs, nor did they con- 
template fluorescent labels or quenchers. 

[00 1 3] U.S. Patent Nos. 5,476,925, 5,646,260, 5,648,480 and 

5,932,718 suggested the preparation and use of oligonu- 
cleotides having particular internucleoside linkages. The 
oligonucleotides are purported to have improved hy- 
bridization properties as compared to conventional 
oligonucleotides. 

[0014] Coupling of oligonucleotides via displacement of a 

5-O-tosyl group by a 3-phosphorothioate was suggested 
by Herrleinet al. (/. Am. Chem. Soc. 117: 10151-10152, 
1995). The approach was illustrated by three different 
systems: ligation of a nicked dumbbell oligonucleotide, 
cyclization of a conjugate possessing a short oligonu- 
cleotide overlap at the juncture site, and closure of a cap 
at the end of a duplex. Herrlein et al. do not contemplate 
iodides or other leaving groups such as quenching leaving 
groups, and they do not use the coupling to detect DNA 
or RNA sequences. 

[0015] The displacement of an a-haloacyl group by a phospho- 
rothioate group is suggested as a non-enzymatic method 



of joining two oligonucleotides by U.S. Patent No. 
5,476,930. The two oligonucleotides are brought into 
close proximity by binding at adjacent positions on a tar- 
get polynucleotide. No quenching leaving groups were 
suggested. 

[0016] The use of 5'-iodonucleosides was shown to allow effi- 
cient non-enzymatic ligation of single-stranded and du- 
plex DNAs (Y. Xu and E.T. Kool, Tetrahedron Lett. 38(32): 
5595-5598, 1997). An iodothymidine phosphoramidite 
enabled the placement of a 5'-iodide into oligonu- 
cleotides. Quenching leaving groups were not suggested 
in this publication. 

[0017] There still exists a need for a simple method for detection 
and imaging of nucleic acids that is fast and accurate. Ad- 
ditionally, methods that are not dependent on washing 
away of unbound probes would be desirable, especially 
methods that can be used in living cells and that have 
specificity for as little as single nucleotide differences in 
sequence. 

[0018] Recently, Sando and Kool published on the internet a de- 
scription of the use of a quencher as a leaving group in 
solution and on solid phase beads {J.Am. Chem. Soc. 
124(10): 2096-2097, 2002; placed on the internet on 



February 13, 2002). 
Summary of Invention 

[0019] oligonucleotides containing a fluorophore and a special- 
ized quencher that also acts as a leaving group are dis- 
closed. Nucleophilic attack on the quenched DNA, causing 
release of the quencher group, results in a ligated 
molecule that is now fluorescent due to the absence of the 
quencher group. The oligonucleotides are useful in en- 
zyme-free nucleic acid hybridizations and in the detection 
of wild type and mutant nucleic acid sequences. 
Brief Description of Drawings 

[0020] The following figures form part of the present specifica- 
tion and are included to further demonstrate certain as- 
pects of the present invention. The invention may be bet- 
ter understood by reference to one or more of these fig- 
ures in combination with the detailed description of spe- 
cific embodiments presented herein. 

[0021] Figure 1 shows the detection of a DNA sequence of inter- 
est using two nucleic acid probes that undergo chemical 
self-ligation by reacting a nucleophile on one probe with a 
carbon on another probe containing a leaving group (X). 

[0022] Figure 2 shows four fluorescence quenching leaving 



groups attached to a nucleic acid molecule. Structure 1 
shows a p-dimethylaniline-sulfonyl leaving group, struc- 
ture 2 shows a tetramethyl-phenylenediamine-sulfonyl 
leaving group, structure 3 shows a nitrobenzene-sulfonyl 
leaving group, and structure 4 shows a dinitrobenzene-sul- 
fonyl leaving group. 
[0023] Figure 3 shows two fluorescence quenching leaving 

groups attached to a nucleic acid molecule. Structure 5 
shows a dabsyl leaving group, and structure 6 shows a 
(p-dimethylamino-phenylazo)azobenzenesulfonyl 
(DIMAPDABSYL) leaving group. 
Brief Description of Sequences 

[0024] jhe following sequence listings form part of the present 
specification and are included to further demonstrate cer- 
tain aspects of the present invention. The invention may 
be better understood by reference to one or more of these 
sequences in combination with the detailed description of 
specific embodiments presented herein. 

[0025] SEQ ID NO:l is 13mer: S'-TCPGGGCAAGAG-S 1 . 

[0026] SEQ ID NO:2 is Wild type 50mer target sequence. 

[0027] SEQ ID NO:3 is Mutant transversion 50mer target se- 
quence. 



[0028] SEQ ID NO:4 is 7mer MUT probe. 

[0029] SEQ ID NO:5 is 16S rRNA sites 310-314 in ATCC1177 
strain. 

[0030] SEQ ID NO:6 is 16S rRNA sites 310-314 in MG1655 strain. 
Detailed Description 

[0031] The invention is generally directed towards compositions 
and methods for the ligation of molecules and the detec- 
tion thereof. The compositions and methods can be used 
in both in vitro and in vivo applications. Generally, a 
molecule contains a fluorophore, and a 5' quenching leav- 
ing group. Upon ligation with another molecule in inter- 
molecular fashion, or with itself in intramolecular fashion, 
the quenching leaving group is displaced, and the fluo- 
rophore is no longer quenched. The change in fluorescent 
properties of the molecule can be detected, providing a 
quantitative and qualitative assay of ligation. 

[0032] | n one embodiment of the invention, the molecule con- 
taining the fluorophore and the quenching leaving group 
can be any type of molecule. For example, the molecule 
can be an organic compound, an organometallic com- 
pound, a nucleic acid, a peptide, a protein, a lipid, a car- 
bohydrate, or other types of molecules. 



[0033] when the molecule having a quenching leaving group and 
a fluorophore further contains a nucleophilic group, in- 
tramolecular displacement of the leaving group can result 
in creation of a circular molecule. This method can be 
used to prepare circular nucleic acid molecules, for exam- 
ple. This method can further be used to prepare circular 
peptides, and circular or crosslinked proteins. 

[0034] The molecule having the quenching leaving group and a 
fluorophore can be a separate molecule from the molecule 
having a nucleophilic group. These first and second 
molecules can be the same type of molecules (e.g. nucleic 
acid, peptide, protein, organic, organometallic), or can be 
different types of molecules. The first and second 
molecules can be in solution, or one can be immobilized 
on a support. 

[0035] Examples of quenching leaving groups are shown in Fig- 
ure 2 (note that in the figure they are attached to the 5' 
carbon of a nucleoside, but they can be attached to any 
atom that is reactive with a nucleophile. The leaving 
groups in the figure include the sulfur and the three oxy- 
gen atoms attached to it, as well as the carbon chain at- 
tached to sulfur. Leaving groups in general are defined by 
(a) their ability to activate an atom (to which they are at- 



tached) for attack by a nucleophile group and (b) to leave 
(either simultaneously or subsequently) when the nucle- 
ophile does attack. 

[0036] | n general, nucleophilic groups (contemplated in this In- 
vention) include phosphorothioate and phosphorose- 
lenoate groups, thiol and thiolate groups, hydroxy and 
oxyanion groups, amines, hydroxylamines, hydrazines, 
hydrazides, phosphines, thioacids and their conjugate 
bases, selenols and selenoates. These can be attached to 
any molecule or object. 

[0037] Embodiments of the invention can be performed in solu- 
tion in the presence of complementary RNAs or DNAs. The 
two nucleic acid molecules preferably encode for adjacent 
sites along the complementary RNA or DNA. This brings 
the reactive ends of the two nucleic acid molecules into 
close proximity. In the intramolecular case, one reactive 
end binds adjacent to the other reactive end. 

[0038] Embodiments of the invention provide multiple advan- 
tages over the prior art. It offers a smaller spectral win- 
dow, thus making background fluorescence less problem- 
atic, and allowing for a greater number of simultaneous 
detection events using multiple colors. Additionally, the 
result is viewable to the naked eye. The result is simple to 



interpret, as probes remain dark unless they find the cor- 
rect target, in which case they "light up" under fluores- 
cence excitation. Another advantage is low probability of 
false positive signals as a result of undesired protein 
binding. The inventive compositions and methods do not 
require extensive washing or preparation steps. 
[0039] An embodiment of the invention is directed towards a 

quencher labeled nucleic acid molecule. The nucleic acid 
molecule can generally be any type of nucleic acid 
molecule such as DNA, RNA, 2'-0-methyl-RNA, phospho- 
rothioate DNA, locked nucleic acid ("LNA"), or PNA. A 
presently preferred nucleic acid molecule is DNA or 
2-O-methyl-RNA. The quenching group is preferably co- 
valently attached to the 5' hydroxyl group of the nucleic 
acid molecule. The nucleic acid molecule can generally be 
single stranded or double stranded. It is presently pre- 
ferred that the nucleic acid molecule is single stranded. 
The nucleic acid molecule can generally be any length of 
nucleotide bases (or base pairs if double stranded) in 
length. For example, the length can be about 4, about 5, 
about 6, about 7, about 8, about 9, about 10, about 11, 
about 12, about 13, about 14, about 15, about 16, about 
17, about 18, about 19, about 20, about 21, about 22, 



about 23, about 24, about 25, about 30, about 40, about 
50 bases, about 60 bases, about 70 bases, about 80 
bases, about 90 bases, about 100 bases, or any length 
range between any two of these lengths. 

[0040] Generally any nucleophilic group can be used to displace 
the quenching leaving group. For example, the nucle- 
ophile can be a phosphorothioate, phosphoroselenoate, or 
other known nucleophilic groups. The nucleophile can lo- 
cated at the 5' end, 3' end, or between the 5' and 3' ends 
in a nucleic acid probe. In other types of molecules, the 
nucleophile can be located at any position. 

[0041] Generally any fluorescence quencher can be used. The 
quencher can be a dabsyl 
(dimethylamino-azobenzene-sulfonyl) group, a 
dimapdabsyl 

((p-dimethylamino-phenylazo)azobenzenesulfonyl) group, 
other azobenzene-sulfonyl groups, benzenesulfonyl 
groups with other substituents such as amino, dialky- 
lamino, nitro, fluoro, and cyano groups, and other arene- 
sulfonyl groups containing these substituents. Also con- 
templated are gold particles conjugated to sulfonyl leav- 
ing groups. The dabsyl activated 5' hydroxyl group is the 
leaving group upon attack by a nucleophilic moiety 



present on the second nucleic acid molecule (or other nu- 
cleophilic molecule). For example, a second nucleic acid 
molecule having a 3'-phosphorothioate can displace the 5' 
dabsylate group in forming a covalent bond between the 
two nucleic acid molecules. Alternatively, the 3' hydroxyl 
can be attached to a quenching leaving group. Any nucle- 
oside, nucleotide, oligonucleotide, polynucleotide, natural 
or synthetic, can generally be modified to contain a 
quenching leaving group. For example, a dabsylthymidine 
derivative can be incorporated as the 5' terminus of the 
first nucleic acid molecule. Additionally, dabsyl can be 
added to the 5' terminus of an already isolated or synthe- 
sized DNA or RNA containing any natural or synthetic nu- 
cleotide at the 5' terminus. Dabsyl can also be added to 
hydroxyl groups on peptides; for example, on the hy- 
droxyl groups of serine or threonine, or the sulfur group 
of a cysteine, or on a hydroxyl group formed when the 
carboxy group of an amino acid is reduced. The fluores- 
cence quenching leaving group can also be on carbons of 
modified nucleic acids or nucleosides, such as on the 6' 
carbon of homo-dT, homo-dA, homo-dG, or homo-dC. 
[0042] Dabsyl has long been used as a fluorescence quencher. 

However it has never before been used as a leaving group. 



It has previously been attached to amines, where it cannot 
act as a leaving group. It is the ability to act as a leaving 
group that allows embodiments of this invention to be 
successful: it causes the nucleophile to attack, and then it 
leaves, causing fluorescence to increase. 
[0043] Generally any fluorophore can be used. Example fluo- 
rophores include fluorescein, TAMRA, Cy3, Cy5, Cy5.5, 
BODIPYfluorophores, ROXJOE, and Oregon Green. An 
example incorporation of fluorescein is the use of fluores- 
cein C-5-alkenyl conjugate of dU. Any known method of 
incorporating a fluorophore into a nucleic acid molecule 
can be used. It is prepared that the fluorophore be located 
close to the quencher, but this is not required. The fluo- 
rophore can generally be located at any distance from the 
quencher sufficient to permit detection of ligation by 
monitoring the change in fluorescent properties. For ex- 
ample, the fluorophore can be located 1, 2, or 3 nu- 
cleotides away from the quencher labeled nucleotide. The 
efficiency of quenching (i.e. the unquenched fluorescence 
with the fluorescence quenching group absent divided by 
the quenched fluorescence with the fluorescence quench- 
ing group present) is preferably at least about 2 fold, at 
least about 3 fold, at least about 4 fold, at least about 5 



fold, at least about 10 fold, at least about 20 fold, at least 
about 30 fold, at least about 40 fold, at least about 50 
fold, at least about 60 fold, at least about 70 fold, at least 
about 80 fold, at least about 90 fold, at least about 100 
fold, at least about 200 fold, at least about 300 fold, at 
least about 400 fold, at least about 500 fold, at least 
about 600 fold, at least about 700 fold, at least about 800 
fold, at least about 900 fold, at least about 1000 fold, at 
least about 2000 fold, at least about 3000 fold, at least 
about 4000 fold, or at least about 5000 fold. 

[0044] The produced increase in fluorescence can generally be 
detected by any method. For example, fluorescence can 
be detected visually, with a fluorescence microscope, with 
a fluorescence spectrometer, or with a fluorescence mi- 
croplate reader. Additionally, the fluorescence can be 
monitored using flow cytometric methods. 

[0045] The above described molecules containing fluorophores 
and quenching leaving groups can be used in solution, on 
surfaces, in immobilized cells, or in living cells. The cells 
can generally be any type of cells, such as bacterial cells, 
plant cells, yeast cells, mammalian cells, CHO cells, hu- 
man cells, cancer cells, fixed cells, virus infected cells, 
yeast cells, zebrafish cells, and nematode cells. 



[0046] The above described molecules containing fluorophores 
and quenching leaving groups can be provided in 
lyophilized state or in solution or affixed to a solid sup- 
port. For example, oligonucleotides can be affixed to a 
solid support. The oligonucleotides can be provided as 
part of a kit designed to detect a particular wild type or 
mutant sequence in a target nucleic acid sequence. The 
kit can comprise control target sequences, instructions, 
protocols, buffers, cells, and other common biological 
components. 

[0047] jhe above described nucleic acid molecules can be used 
in methods to detect the presence or absence of particular 
mutations within a population of cells. Additionally, the 
nucleic acid molecules can be used in methods to detect 
the presence or absence of a particular type of cells by 
designing the nucleic acid molecules to bind to a unique 
nucleic acid sequence. For example, a method for the de- 
tection of an undesired bacteria or other harmful microbe 
could be designed where oligonucleotide ligation would 
occur (thereby causing fluorescence) only in the presence 
of the undesired or pathogenic microbes or viruses in a 
sample. A vast array of such microbes and viruses exist. 
Examples include Mycobacterium tuberculosis, Mycobacterium 



avium, Mycobacterium intracellular, Bordatella pertussis, Neisse- 
ria gonorrhea, Neisseria meningitidis, Escherichia coli 01 57: H 7, 
and Bacillus anthracis. 

[0048] The above described nucleic acid molecules can be used 
to detect a particular genetic sequence in solution, in a 
fixed cell, in an intact cell, in a part of an organism (e.g. a 
tissue sample), or in an intact organism. The molecules 
can be used to detect gene expression and to discriminate 
and identify differences in cells. 

[0049] An additional embodiment of the invention involves the 
use of multiple differently-colored probes to simultane- 
ously detect multiple nucleic acid sequences. This could 
be used to discriminate and identify different types of 
cells, normal cells from diseased cells (e.g. cancerous cells 
or virus infected cells), or multiple DNAs or RNAs in a cell. 

[0050] The above described molecules and methods can be used 
to monitor changes in gene expression in cells over time, 
or in response to exposure to a drug, drug candidate, or 
other therapeutic agents. 

[0051] The following examples are included to demonstrate pre- 
ferred embodiments of the invention. It should be appre- 
ciated by those of skill in the art that the techniques dis- 
closed in the examples which follow represent techniques 



discovered by the inventor to function well in the practice 
of the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in 
the art should, in light of the present disclosure, appreci- 
ate that many changes can be made in the specific em- 
bodiments which are disclosed and still obtain a like or 
similar result without departing from the scope of the in- 
vention. 
[0052] EXAMPLES 

[0053] Example 1: Reaction in solution 

[0054] wi Id type and mutant sequences 50 nucleotides in length 
were chosen from the H-ras gene. A known C to A 
transversion in codon 12 was selected to fall at the center 
of a 7mer binding site. The nucleophilic 7mer sequence 
was S'-CCGTCGG-S' (SEQ ID NO:4), where the central T 
hybridizes to the A transversion, but not to the wild type 
C. The nucleophilic sequence contained a 3' phosphoroth- 
ioate group. The electrophilic 13mer sequence was 
5 1 -TGT*G G G C AAG AG - 3 1 (SEQ ID NO:l). A dabsyl group 
was used on the 5' hydroxyl as a leaving group of the 
electrophilic sequence, and a commercially available fluo- 
rescein C-5-alkenyl conjugate of dU (marked as T*) was 



used to place the fluorophore two nucleotides away from 
the quencher. The wild type target sequence was 
S'-ATATTCGACCACCACCACCCGCGGCCGCCACACCCGTTC 
TCACGCGACTG-S' (SEQ ID NO:2), and the mutant 
transversion target sequence was 

S'-ATATTCGACCACCACCACCCGCGGCAGCCACACCCGTTC 
TCACGCGACTG-S' (SEQ ID NO:3; where the C to A 
transversion is underlined). 

[0055] G e | electrophoresis was used to monitor the reaction. 

PAGE showed ligated product when the target sequence 
was fully complimentary to the two oligonucleotides, and 
no product when there was a single nucleotide mismatch. 
Conversion after 7 hours was estimated to be about 80% 
when the sequences were fully complementary. The start- 
ing materials were only weakly fluorescent due to incom- 
plete quenching by the dabsyl group, while the product 
was strongly fluorescent. 

[0056] The same reaction was monitored in real time by following 
fluorescence emission at 520 nm (with excitation at 495 
nm). The change in fluorescein emission showed about a 
100 fold increase in intensity, implying a 99% quenching 
efficiency for the starting molecule). Varying the tempera- 
ture from 15 °C to 37 °C showed that the reaction rate 



reached a maximum near 25 °C, which is the approximate 
melting temperature of the two probes bound to the tar- 
get. The sequence selectivity was approximately 35-fold 
based on the relative peak areas with the wild type and 
mutant target sequences, resulting in a T-A pair or a T-C 
mismatch at the mutation site. 
[0057] Example 2: Reaction on a solid support 

[0058] As many genetic analysis methods use probes affixed to 
beads, slides, and other surfaces, a solid support was 
used to evaluate the instant invention. A 7mer MUT probe 
(S'-CCGTCGG-S'; SEQ ID NO:4) on 90 urn beads (1000A 
pore size) using commercially available reverse (5'-> 3') 
phosphoramidites was used, placing a 3' phosphoroth- 
ioate moiety on the final 3' hydroxyl group. A hexaethy- 
lene glycol linker was used to alleviate potential crowding 
problems near the polymer surface. Such beads then have 
the potential to autoligate a 13mer quenched electrophile 
probe to themselves, in the presence of the correct target 
DNA. This was expected to result in the beads becoming 
fluorescent, as the dabsylate group was lost and the 
nearby fluorescein label lost quenching. The solid-phase 
autoligations were monitored by imaging under a fluores- 
cence microscope. Results showed that the reaction pro- 



ceeded on the polystyrene beads much as it does in solu- 
tion. At the start of the reaction, the beads were dark and 
the solution showed only faint green fluorescence due to a 
small amount of emission from the quenched 13mer 
probe. As the reaction proceeded the beads became pro- 
gressively brighter, reaching half-maximum after about 
20 hours. Although the reaction rate appears to be slower 
on this solid support, using a different nucleophile, such 
as selenium, is likely to improve this. Moreover, it seems 
possible that increased linker length may lessen surface 
effects that hinder reaction. Finally, in many applications, 
it will be unlikely that the reactions need to be carried out 
to completion. 
[0059] Example 3: Use of TAMRA as a fluorophore 

[0060] Example 1 was repeated using a different fluorophore. 

The use of different fluorophores would make it possible 
to sense multiple genetic sequences simultaneously. Dab- 
syl has been reported as a quencher for varied fluo- 
rophores. The same ligations on beads were carried out 
using a dabsyl/TAMRA electrophilic probe. The results 
showed that ligation and unquenching was also successful 
for the new dye. 

[0061] Example 4: Staining of RNA in fixed cells 



[0062] Next, the QUAL probes were used to stain RNAs in cellular 
specimens (for example, bacterial cells). There is a good 
deal of literature published in the last 3-4 years on using 
fluorescent oligonucleotides to stain 16S ribosomal RNAs 
in fixed bacterial specimens. These specific stains have 
been investigated for use in strain identification by mi- 
croscopy and by flow cytometry (FCM). Targeting riboso- 
mal RNAs allows one to identify bacterial genus and 
species and even substrains. Fortunately there is now a 
good deal of sequence information available for bacterial 
rRNAs, especially for E. coli strains. A further advantage of 
targeting ribosomal RNA is that its targetable secondary 
structure has been mapped. In addition, it exists in large 
copy number (there are many as 30,000 ribosomes in one 
cell), which is important in generating visible signal, since 
the bacterial cells are three orders of magnitude smaller 
than mammalian cells. 

[0063] The standard oligonucleotide probes used in the recent 
literature for rRNA targeting are about 30 nucleotides in 
length (note that those standard probes use only static 
fluorescence and thus must require careful washing and 
cannot be used in live cells.) Initial studies involved au- 
toligation probes 18 and 20 nucleotides in length, tar- 



geted to directly adjacent sites near residue 900 in 16S 
RNAinthe 117751 strain. 
[0064] The QUAL electrophile probe carried fluorescein quenched 
and activated by dabsyl as described above. Two different 
nucleophilic probes were synthesized: one perfectly com- 
plementary to a published sequence (S800), which was 
expected to ligate itself to the QUAL probe, and a control 
(S300) complementary to a different site 500 nt distant on 
the rRNA. The bacteria was grown and fixed 
(formaldehyde crosslinked and denatured) on glass slides, 
and hybridized at 25 °C in 20 mM Tris-HCI pH 7.2, 0.9 M 
NaCI buffer. The slides were monitored over time under 
the microscope. No washing was done. The probe solution 
was relatively dark because of efficient quenching by dab- 
syl, and one expects that the bacterial rRNAs will simply 
light up, focusing the fluorescence where the specific tar- 
get resides. This was, in fact, what was observed. Specific 
green signals were strongly visible in the presence of the 
matched nucleophilic probe, while the mismatched S300 
probe generated no visible signal. The lack of signal in the 
control case establishes that the positive signal does not 
arise from a trivial mechanism such as degradation of the 
quenched probe. Additionally, the unlabeled "helper" 



oligonucleotides that were designed to bind nearby and 
minimize secondary structure improved the signal up to 
50-fold depending on helper and target site. 
[0065] importantly, the autoligation signal was strong after only 
three hours' hybridization, despite the fact that the liga- 
tion takes longer to reach stoichiometrically high conver- 
sion when target and probes are present at equimolar 
amounts. This was attributed to (a) a large excess of 
probe over target and/or (b) a bright signal, due either to 
large amounts of RNA and possibly some occurrence of 
turnover. 

[0066] Example 5: Staining of RNA in non-fixed cells 

[0067] As the quenched autoligation method does not require 
washing or added enzymes, the method was used to de- 
tect RNAs in intact (non-fixed, and potentially live) bacte- 
ria. To date, there are few, if any, public reports of imag- 
ing RNAs in live bacteria. Standard fluorescent probes 
could not be used in such an application because they 
generate signals whether bound or unbound, and thus re- 
quire washing away of unbound probes. The QUAL probes 
were introduced into the cells using standard electropora- 
tion/transfection methodology. The cells were electropo- 
rated for 2 sec (E. coli Pulser (Bio-Rad)) in 10% glycerol in 



the presence of two probes at 0.2 and 0.6 mM each (QUAL 
electrophile probe + S800 fully complementary nucle- 
ophile probe, or QUAL probe plus S300 mismatched nu- 
cleophile probe). The bacteria were simply left in a hy- 
bridization solution at room temperature for 3 hours and 
then imaged under the microscope. Results showed that 
at three hours, there was an easily visible green signal, 
which was essentially the same as that using fixed bacte- 
ria. The control probe generated no similar signal. 
[0068] Example 6: Genetic imaging of RNA in bacteria 

[0069] Probes targeted to ribosomal RNAs in E. coli K12 strain 

MG1655 were designed. The sequences of the 16S RNAs 
(about 1540 nucleotides in length) are known in this 
strain. Four sites were chosen: 1) nt 181-215; 2) nt 
298-335; 3) nt 320-356; and 4) 873-910. Four probe 
pairs were constructed with thioate nucleophile probes 
(each 18-20 nt in length) and dabsyl-substituted elec- 
trophile probes (each 17-20 nt in length). The electrophile 
probes were fluorescein-labeled at uracil as a commercial 
C5-alkenyl conjugate within 3-4 nucleotides of the dabsyl 
end group. 

[0070] cells were fixed with paraformaldehyde according to liter- 
ature methods, and were incubated with probes. When 



using probe pair #4, a distinct green signal was observed 
after 18 hours incubation. Incubation with the dabsylate 
probe alone yielded little or no signal. Thioate probe #4 
with electrophile probe #3 also yielded little or no signal. 
This indicates that adjacent targeting of the nucleophile 
and the electrophile probes is helpful for generation of 
signal, and that non-specific binding of the probes is in- 
sufficient to create signal. Also, the data indicates that re- 
action of the probe pairs without the assistance of a target 
sequence does not occur to a detectable amount under 
these conditions. 

[0071] Testing of appropriately matched probe pairs at all four 
16S rRNA sites revealed a significant signal in all cases. 
This strongly suggests that multiple secondary structures 
are targetable by this approach. The amount of signal 
does vary, indicating that secondary structure does influ- 
ence the outcome. 

[0072] Example 7: Staining of RNA in intact 

(non-paraformaldehyde fixed) cells without electropora- 
tion 

[0073] standard fluorescent oligonucleotide probes require fixa- 
tion and permeabilization of bacterial cells because they 
must be carefully washed after hybridization to allow for 



removal of unbound or nonspecifically bound probes. In 
the present approach there is no requirement for this 
washing; thus the possibility of targeting rRNAs in intact 
bacterial cells was evaluated. Complementary FAM-G and 
control TAM-T probes were incubated with live MG1655 E. 
coli cells at 37 °C in the presence of 0.01% SDS to aid in 
uptake. This dilute detergent solution is reported not to 
affect the viability of E. coli. No prior fixation and perme- 
abilization steps were performed, and again, no post- 
washing steps were carried out. Images were acquired di- 
rectly in the probe solution. The experimental details for 
dabsyl-mediated autoligation reactions on 16S rRNA in 
non-fixed E. coli cells (surfactant introduction) were as fol- 
lows. 

[0074] Ecoli ce || s (MG1655 or ATCC1 1775) were grown at 37 °C 
in LB broth (DIFCO). When an optical density at 600 nm 
reached 0.5, the suspension was chilled on ice for 5 min- 
utes, 0.5 ml_ aliquots were taken into 1.5 ml_ vials, and 
cells were harvested by centrifugation for 5 minutes at 
10,000 rpm at 4 °C. Supernatant was removed and cells 
were resuspended in 100 uL Hybridization buffer (20 mM 
Tris-HCI pH 7.2, 0.9 M NaCI, and 0.01% SDS). To the sus- 
pension were added 2 uL of 20 uM dabsyl-probe, 6 ul_ of 



20 uM phosphorothioate probe, and 1 |jL of 500 mM 
helper oligonucleotide. The mixture was incubated at 
room temperature for 3 hours. After incubation, the sus- 
pension was directly spotted on glass slide without any 
washing steps and was covered with micro cover slide. 
Fluorescence images were obtained through a fluores- 
cence microscope (Nikon Eclipse E800 equipped with 
lOOx objective Plan Fluor apo) with super high pressure 
mercury lamp (Nikon model HB-10103AF), using a SPOT 
RT digital camera and SPOT Advanced imaging software. 
Typical microscope setting is as follows. Fluorescein: ex. 
460-500 nm; TAMRA: ex. 530-560 nm with ND filters 8. 
Typical digital camera settings are as follows. Fluorescein: 
exposure time Green 6sec, binning 2x2, gain 1; TAMRA: 
exposure time Red 3.5sec, binning 2x2, gain 2. 
[0075] Distinct green signals were seen for the bacteria after 3 
hours, as expected for the probe complementarity. No 
signal was seen in the control, where a singly mismatched 
probe pair was used. An overlay of white-light and fluo- 
rescence images revealed a bimodal distribution, in which 
approximately half of the cells are stained and half are 
not. Notably, literature reports of oligonucleotide/rRNA 
hybridization with fixation and analysis by flow cytometry 



also show such a bimodal response, with ~50-70% of cells 
yielding signals. Regardless of the origin of this, these ex- 
periments establish that intact, non-fixed bacterial cells 
can be stained at single nucleotide resolution. 

[0076] jo our knowledge this is the first use of in situ hybridiza- 
tion in a non-fixed microorganism. This approach makes 
rRNA-based bacterial identification much more straight- 
forward than has been previously possible, as the lack of 
requirement for pre-preparation and post-washes greatly 
speeds and simplifies the process. Moreover, QUAL 
probes yield much higher sequence specificity than stan- 
dard fluorescent probes. 

[0077] Example 8: Single-base specificity in identification of cel- 
lular RNAs 

[0078] Tests of two-color rRNA hybridizations in fixed E. coli 

preparations were performed. Standard fixation protocols 
were carried out, using paraformaldehyde crosslinking. 
However, in the current experiments no post-hy- 
bridization washes to remove unbound and nonspecifi- 
cally bounds probes were used. Initial experiments 
showed that sites in 16S RNA could generate signal with 
QUAL probe pairs as the only added DNA. Some sites were 
apparently hindered by competing secondary structure, 



however; for example, site 305-335 is predicted to be 
blocked by three regions of duplex. In those cases, an un- 
labeled "helper" probe as described by Amann was added. 
Such helper oligodeoxynucleotides have been reported to 
assist hybridization of standard fluorescent probes in re- 
gions of strong secondary structure. With QUAL probes a 
17mer helper designed to bind adjacent to the dabsyl 
probe was observed to increase signal markedly. 
[0079] jo test single nucleotide selectivity, probes were varied by 
one base and have differently colored labels to distinguish 
which of the two yielded signal. Experiments revealed that 
either the FAM- or TAMRA-labeled probes give clear sig- 
nals if perfectly complementary to the target RNA. By con- 
trast, a single nucleotide mismatch in a probe of the op- 
posite label led to no observable signal under the same 
conditions. Experiments lacking the nucleophile probe 
showed little or no signal, indicating that signal did not 
arise from accidental protein binding or nonspecific RNA 
binding. Also yielding no signal were control experiments 
in which nucleophile and electrophile probe were comple- 
mentary to non-adjacent sites in 16S RNA. Thus the data 
show that only completely complementary probes binding 
side-by-side on an RNA target yield a signal. Overall, the 



results demonstrate a clear example of single-nucleotide 
specificity in in situ hybridization. 
[0080] The above experiments tested sequence specificity by 
varying probe sequence. To further test the sequence 
specificity, a different strain of E. coli (ATCC1177) was ob- 
tained, which the sequence database reported to have a 
single nucleotide difference in the 16S rRNA (5'-GCAAC 
(SEQ ID NO: 5) at sites 310-314 compared to 5-GCCAC 
(SEQ ID NO:6) in the previous MG1655 strain). Green and 
red quenched probes (FAM-G probecomplementary to the 
original MG1655strain sequence, TAM-T complementary 
to the ATCC1177 sequence) were prepared to probe the 
reported single nucleotide difference. Surprisingly, the 
mixed probes yielded a distinctly green signal even 
though the red probe was complementary to the reported 
rRNA sequence. To investigate this independently, total 
RNA was isolated from the cells, RT-PCR was performed 
using 16RNA-specific primers, and the resulting DNA was 
sequenced. The sequencing results showed clearly that 
the RNA contains a C at position 312, in contrast to the 
database listing of an "A" at that position. Thus the QUAL 
probes again demonstrated single nucleotide specificity, 
allowing the identification of a single nucleotide sequenc- 



ing error in the database. 

[0081] Experimental details for synthesis of fluorescein- or 

TAMRA-labeled 5'-dabsyl oligonucleotides. Pac-protected 
dA, iPr-Pac-protected dG, and acetyl-protected dC phos- 
phoramidites for ULTRA MILD SYNTHESIS (Glen Research) 
were employed in synthesizing oligonucleotides contain- 
ing a dabsyl group. The fluorescein label and TAMRA label 
was introduced with fluorescein-dT and TAMRA-dT phos- 
phoramidite (Glen Research), respectively. Deprotection 
and cleavage from the CPG support was carried out by in- 
cubation in 0.05 M potassium carbonate in methanol for 
12 hours at room temperature. Following incubation, 
oligonucleotides were purified by reverse-phase HPLC 
(Allotec BDS-C18 column, 250 mm, eluting with 0.1 M tri- 
ethylammonium acetate pH 7.0/acetonitrile). 

[0082] Bacterial strains. Two E. coli strains were used: MG1655 

and ATCC11775. Complete sequences of seven rrs oper- 
ons (rrs A-H) of E. coli MG1655 strain were obtained from 
the database 

(http://www.ncbi.nlm.nih.gov/cgi-bin/Entrez/chrom?gi = l 
15&db=G). A mean sequence of seven rrs operons (rrs A- 
H) of ATCC11775 strain was taken from EMBL databank 
(X80725). 



[0083] cell fixation. Ecoli cells (MG1655 or ATCC1 1775) were 

grown at 37 °C in LB broth (DIFCO). When an optical den- 
sity at 600 nm reached 0.5, the suspension was chilled on 
ice for 5 minutes, 1.0 ml_ aliquots were taken into 1.5 mL 
vials, and cells were harvested by centrifugation for 5 
minutes at 10,000 rpm. After centrifugation, supernatant 
was removed and cells were washed once with 1 ml_ PBS. 
To fix the E. coli cells, cells were resuspended in 1.0 ml_ 4% 
paraformaldehyde/PBS fixation solution (filter sterilized, 
pH 8.0 adjusted by IN NaOH) and the mixture was left at 
room temperature for 1 hour. After fixation, the cells were 
centrifuged at 10,000 rpm for 5 minutes, the supernatant 
was removed, and washed with 1 mL PBS. After the final 
wash, the fixed cells were resuspended in 1.0 mL 50% 
ethanol, then were stored at 20 °C. 

[0084] Dabsyl-mediated autoligation reactions on 16S rRNA in 

paraformaldehyde-fixed E. coli cells. 100 uL aliquots of the 
fixed E. coli stock suspension were taken into 1.5 mL vials 
and the fixed cells were collected by centrifugation at 
10,000 rpm for 5 minutes. The cells were washed once 
with 100 uL PBS, and were resuspended in 100 uL Hy- 
bridization buffer (20 mM Tris-HCI pH 7.2, 0.9 M NaCI, 
and 0.1% SDS). To the suspension were added 2 uL of 20 



MM dabsyl-probe, 6 mL of 20 uM phosphorothioate probe, 
and 1 mL of 500 mM helper oligonucleotide. The mixture 
was incubated at 37 °C for 18 hours. After incubation, the 
suspension was directly spotted on glass slide without any 
washing steps and was covered with micro cover slide. 
Fluorescence images were obtained through a fluores- 
cence microscope (Nikon Eclipse E800 equipped with 
lOOx objective Plan Fluor apo) with super high pressure 
mercury lamp (Nikon model HB-10103AF), using a SPOT 
RT digital camera and SPOT Advanced imaging software. 
Typical microscope setting is as follows. Fluorescein: ex. 
460-500 nm; TAMRA, ex. 530-560 nm with ND filters 4 
and 8. Typical digital camera settings are as follows. Fluo- 
rescein: exposure time Green 4sec, binning 2x2, gain 1; 
TAMRA: exposure time Red 5sec, binning 2x2, gain 2. 
[0085] Example 9: Use of alternative fluorescence quenching 
groups 

[0086] other quenching leaving groups can also used in place of 
dabsyl. The choice of quenching leaving group for a given 
application depends on its ability to quench the dye of in- 
terest that is also substituted on a given probe, and on 
the activating ability. Some leaving groups are less reac- 
tive than dabsyl, and the resulting autoligation reaction is 



slower by comparison, but probes containing it may have 
increased sequence selectivity. Some leaving groups are 
more reactive than dabsyl, and may be useful to increase 
autoligation rates when greater speed is desired. 

[0087] Examples of alternative quenching leaving groups are 
shown in Figures 2 and 3. In the structure shown the 
quenching leaving group is attached to a 5' hydroxyl 
group of DNA, but it is understood that attachment at 
other positions and in other types of molecules (e.g., pep- 
tides, proteins, carbohydrates) can also be done. In the 
example shown the 5' terminal base is given generically as 
"B", but it is understood that A, C, G, T, or U could also 
have been shown. 

[0088] All of the compositions and/or methods disclosed and 

claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While 
the compositions and methods of this invention have been 
described in terms of preferred embodiments, it will be 
apparent to those of skill in the art that variations may be 
applied to the compositions and/or methods and in the 
steps or in the sequence of steps of the methods de- 
scribed herein without departing from the concept, spirit 
and scope of the invention. More specifically, it will be ap- 



parent that certain agents which are both chemically and 
physiologically related may be substituted for the agents 
described herein while the same or similar results would 
be achieved. All such similar substitutes and modifications 
apparent to those skilled in the art are deemed to be 
within the spirit, scope and concept of the invention. 



